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COMPATIBILITY OF COORDIWATE INDEXING OF BOOKS
WITH TECHNICAL REPOKT LITERATURE FOR THE
NASA MSC MECHANIZED RETRIEVAL SYSTEM

By Nartln P. McPonough and Geoffrey J. Roth
Manned pdcmcraft Center

- INTRODUCTION

The intention of this study was to provide the Technical Library
of the Manned Spacecraft Center (MSC) with reference data for projects
under consideration for the future. Included was the development of
computerized methods of information retrieval and selective dissemina-
tion of information (SDI) in order to increase service to the library
patrons.

The work undertaken was the in-depth indexing of a test collection
of technical bocks and monographs at the chapter level using a coordi-
nate approach and a standard-subject authority list. The descriptors
assigned were transformed into machine-readable form through the use of
a standardized indexing form. The resulting punched cards were edited
onto magnetic tape using a UNIVAC 1108 computer and subsequently used
to retrieve document references after test questions were manufactured
and key punched. "

As a resull of the study some of the provlems which might be ex-~
pected to occur in the indexing operations were pin-pointed, also some
initial Atime-cost data were generated. The efficiency of the indexing
and retrieval operations was studied to provide some measurement of the
compatibility of indexing books with technical reports and of the fea-
sibility of using the coordinate approach

NASA INFORMATION SYSTEM

To increase the effectiveness of dissemination of information to
NASA and contractor personnel, NASA maintains a national information
net, as well as facilities at local NASA installations. TFigure 1 shows



FOREWORD

This study was undertaken with the aid of an
assistantship in the Information Retrieval and
Dissemination Program of the Aerospace Analysis
and Writing Program in the summer of 1966 at
the National Aeronautics and Space Administration
Menned Spacecraft Center, Houston, Texas. This
appointment provided an opportunity for college
graduates to broaden their experience and train-—
ing in aerospace-related activities and, conse-
quently, to enhance their academic work. The
assistantship was assigned on the basis of academic
background and special interests. -The Jjob in-
volved in-depth application of basic knowledge of
an engineering or scientific field to the problems
of selective dissemination of information with
special reference to the NASA system of scientific
classification.
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COMPATIBILITY OF COORDINATE INDEXING OF BOOKS
WITH TECHNICAL REPORT LITERATURE FOR THE
NASA MSC MECHANIZED RETRIEVAL SYSTEM

By Martin P. McDonough and Geoffrey J. Roth
Manned Spacecraft Center

INTRODUCTION

The intention of this study was to provide the Technical Library
of the Manned Spacecraft Center (MSC) with reference data for projects
under consideration for the future. Included was the development of
computerized methods of information retrieval and selective dissemina-
tion of information (SDI) in order to increase service to the library
patrons.

The work undertaken was the in-depth indexing of a test collection
of technical books and monographs at the chapter level using a coordi-
nate approach and a standard-subject authority list. The descriptors
assigned were transformed into machine-readable form through the use of
a standardized indexing form. The resulting punched cards were edited
onto magnetic tape using a UNIVAC 1108 computer and subsequently used
to retrieve document references after test questions were manufactured
and key punched.

As a result of the study some of the problems which might be ex-
pected to occur in the indexing operations were pin-pointed, also some
initial time-cost data were generated. The efficiency of the indexing
and retrieval operations was studied to provide some measurement of the
compatibility of indexing books with technical reports and of the fea-
sibility of using the coordinate approach.

NASA INFORMATION SYSTEM

To increase the effectiveness of dissemination of information to
NASA and contractor personnel, NASA maintains a national information
net, as well as.facilities at local NASA installations. Figure 1 shows



the flow of information to the user at MSC. The main source of publi-
cation is NASA. The NASA publications tend to dominate, especially in
the report literature with reports generated from contracted research.
The non-NASA publications consist mainly of technical books and jour-
nals. For the purposes of this study, the materials (books and reports)
came from both sources.

These sources converge into the MSC information system which in-
cludes the library facilities as well as machine searches and the Se-
lective Dissemination of Information (SDI) Program in which users are
automatically notified of items of interest to them. The point to be
made is that the user is at the bottom of the information structure.
Interposed between the user and the information being sought are two
primary access tools: (1) a machine search, either on demand or SDI,
and (2) a manual search.

The manual catalog has been generated primarily as a result of
anticipated book usage, but this last link is redundant. The redun-
dancy could be eliminated by making provision for entering books into
the machine retrieval system. The computer could easily generate cat-
alog cards 1f desirable or convenient.

The background against which the study was undertaken has been
indicated. By eliminating the redundancy in the system a more useful
collection is anticipated. Admittedly, this looks toward the future,
but the future must be planned for in the present.

DEFINITION OF TERMS INVOLVED

To assure effective and meaningful communication, the exact mean-
ings or levels of meanings of the words used must be known. Such a
lofty ideal is practically unattainable. For the sake of clarity, the
following words are defined as they will be used throughout this report.

Indexing

Vickery has pointed out (ref. 1) that indexing a document may be
considered as a series of transformations in which the information in
the document is extracted, compressed, rearranged, and transformed, with
nothing being created, but just changed in form.

Indexing may also be viewed from a functional aspect rather than
from the operational one described sbove. In that case, indexes or con-
densed surrogate representations of documents have a dual purpose




(ref. 2): (1) to serve a search-tool function and (2) to serve a
content-revealing function. Traditional subject indexing appears quite
limited in its value both as a search tool and as a content-revealer
because it more frequently operates on a restricted whole-document level !
with a limited number of headings. Thus, traditional approaches are usu- |
ally limited to a few rather broad entries rather than to many more ‘
specific entries.

Coordinate Index

Descriptions of the various systems of indexing devices in use to-
day often present a set of conflicting claims and confusing terminology.
Foremost ameng these confusing terms is the coordinate index, referred
to in various literature as correlative indexing, multiple aspect index-
ing, concept coordination, or "enriched" indexing.

Regardless of what this type of indexing may be called, it is the
actual operational aspects of the system that set it apart. A coordi-
nate index is different from other indexing systems in that it is manip-
ulatable. In traditional alphabetical subject headings, each heading
is a fixed and complete entity describing the contents of whatever is
indexed. Any item in such a system may be adequately represented by
one or by several headings without any further cperations being per-
formed upon it.

In a coordinate indexing system a descriptor or subject heading
can be combined with another descriptor to represent the subject of a
document. Thus, a search using a coordinate index depends upon logical
Boolean operations performed on classes defined by the headings in the
system. The word, manipulative, was applied by Charles Bernier (ref. 3)
to characterize this approach.

The term coordinate index as used in this study refers to a con-
densed surrogate representation of a whole document or of part of that
document. This representation serves as a search tool and as a content-
revealer by the joint use of two or more terms (called descriptors,
keywords, Uniterms, and so forth, in various systems). Retrieval is
performed on a matching basis by the Boolean operations of intersection, |
union, and negation through the manipulation of classes of index terms.

Information System -

The total organization of equipment, items, processes, and person-
nel necessary to optimize output of information in order to meet the
needs of the user is referred to as an information system.



Compatibility

Compatibility is defined as the ability of one information system
to accept the original indexing and/or abstracting of another information
system for any given subject coverage common to both systems (ref. 4).

A model of the interrelation of two information systems can be
found in a Venn diagram descriptive of the logical equation defined
above. The conditions of the equation are that any given subject cov-
erage be common to both systems. If that is the case, then the logical
equation C = A°B holds true, where both A and B are contents of
separate information systems and C 1is the subject coverage common to
both. The compatibility of two informations systems is shown in the
following Venn diagram:

It naturally follows that the greater the overlapping of two sys-
tems, the more compatible the systems. Two conditions are necessary for
a larger overlap: (1) a mutual acceptance of original indexing and/or
abstracting, and (2) expansion of common subject coverage.

Authority File

The authority file refers to a structured or unstructured collec-
tion of concept descriptors, by means of which information input is
classified, controlled, and searched. The subject authority list used
in this study and in the NASA Information System net is an unstructured
file. A sample of this subject authority list is shown in figure 2.




THE INDEXING PROCESS

The indexing process is a complicated, decision-making process in
which the significant and important ideas are reduced into concise sur-
rogates of the original item indexed. This surrogate can then perform
its proper functions in the information framework. A model showing the
usage of an index in the information framework is shown in figure 3.

The input into the information framework is printed data of some
form. These are received and analyzed to determine which index terms
are to be assigned to the document. When this is done, an index code
pattern is determined, and the document is placed in the file.

A user interacts with the index and fhe file and employs certain
logical processes to make use of any document. The user obtains new

ideas or employs ideas from the document to generate a new document, and
the closed loop starts over again.

As subjective judgment is so deeply entrenched in the indexing
process, evaluation of indexing is extremely difficult, if not impossi-
ble. Because the intellectual operations of the indexer must be taken
into consideration and no suitable method has been found for doing
this, criteria for measuring indexing quality have not been evolved.
What has been done, however, is to identify some of the parameters
which define the range of variables influencing the indexing process.
Some of the variables influencing the indexing process are:

(1) The characteristics of the indexer

(2) The amount of variance or ambiguity within the system

(3) The relative subject importance of the material indexed

(4) The method of indexing

(5) The indexer training

(6) The depth of indexing

(7) The indexing environment

+ (8) The problems arising from file organization



Few cataloging or indexing techniques avoid the possibility that
a document or file item may be indexed differently by different index-
ers-~-in fact, there is often a strong possibility that an indexer would
classify a document differently on different days. To compound matters,
the problem seems to increase with the number of indexers.. Differences
in background and training result in different appraisals of the subject
material and, consequently, in different indexing approaches. As the in-
dexer becomes more familiar with the special terminology and novel as-
pects of the material, the indexing habits change. In effect, the
indexer, employing the subjective indexing process, has arrived at an
estimate of the importance of the subject matter. As long as the in-
dexer's appraisal agrees with the system design, nothing is lost; but
when a wrong or inaccurate estimate of the importance of the subject
matter is made, chaos reigns supreme.

Several steps are taken to control the degree to which the indexer
makes this decision. First, provision is made for adequate supervision
and review of the indexer's work. Second, an authority list of subject
headings is used to reduce the variance or ambiguity within the index-
ing system by providing written descriptions and clarifications of the
various subject headings or terms used, or a listing of those terms
which are acceptable. It must be emphasized, however, that a thesaurus
or word authority list can only present qualitatively acceptable terms
and cannot indicate the applicability of any term to any specific docu-
ment. It is of value in that it helps the indexer make subjective value
judgments of terms, but the final decision is made by the indexer.

Another variable in the indexing process is the method of indexing
used in the system. For example, traditional subject indexing on cat-
alog cards employs a different approach than does coordinate indexing.
Each particular system has its own peculiarities (for example, assign-
ment of links and roles) which influence the indexing approach.

Indexer training is another factor which can affect the entire in-
dexing process, If the indexer is not familiar with the subject matter,
more time is necessary to understand the basic concepts of appraising
the significant and important ideas within a document. Also, there is
a certain '"feel" that an indexer must develop intuitively for the proc-
ess as a whole in order to be psychologically oriented to the particular
task.

One very important parameter influencing the indexing process is
the depth of indexing undertaken. As a general rule, the deeper the de-
gree of indexing, the more time necessary to index any given document.
Of course, as the number of descriptors assigned per document increases,
so will the time and the cost.




In addition, if attempts are made to assign additional indicators,
for example, to show what chemical was used as a reagent or what product
was formed, then time and costs at the input stage also rise accord-
ingly.

In this study indexing was undertaken at the chapter level to take
advantage of the organization of the author and publisher at one of the
most significant levels in a book.

The indexing enviromment also influences the indexing process. If
the indexer is subject to many annoying noises and interferences, his
output can be expected to diminish. Indexing require$ concentration in
an appropriate atmosphere. :

Problems arising from file organization influence the indexing
process. First, there is indexing discontinuity caused by personnel
changes. For large files, adequate documentation of the rules and pro-
cedures must be provided if discontinuity is to be avoided. Second,
loss of material from the file can influence the indexing process. If
at all possible, the integrity of the file should be maintained. Third,
loss of familiarity with the file contents causes a shift in the terms
assigned. Fourth, loss of familiarity of the subject matter also cre-
ates differences in indexing. Fifth, items purged or weeded from the
file can no longer be allowed to influence choice of terms. Sixth,
modification of original file structures is usually both intellectually
and technically difficult. The reviser must decide how to change the
file structure to correct for initial oversights, how to allow for
changes in subject emphasis, and how to allow for future requirements
that cannot be known beforehand.

All these problems can be summarized by the fact that any indexing
system must be geared to the needs of the users, and this should be
paramount in the design and selection of the system. With this thought
in mind, the following criteria must be considered for the selectiocn of
an indexing system (ref. 5).

(1) Type of ultimate user (users vary in needs, habits, and ap-
proaches)

(2) Type of immediate user (librarian or customer)
(3) Characteristics of the file collection (current and expected
size, rate of growth, variety and complexity of subject content, and

format of file material)

(&) Availability of other existing indexes for the same type of
file material



(5) Complexity and required accuracy of searches to be conducted
(current awareness, comprehensive retrospective searches)

(6) Number of searches expected and their required response time

(7) Current user and librarian attitudes toward the existing in-
dexing system and form of display

(8) Resources available for developing the system, converting the
backlog of material to the new system or new method of display, and
maintaining the routine operation

OBJECTIVES OF THE STUDY

The following objectives were established to meet the aim of this
study.

(1) Studying the feasibility of coordinate indexing of technical
books and monographs

(2) Investigating the compatibility of boock and monograph indexing !
with report indexing

(3) Undertaking an initial investigation of the possible ways in
which indexing of books will interface with the NASA system for dissem-
inating information and the MSC Information System in particular

(4) Obtaining initial cost-time data for consideration of possible
undertakings in this area in the future

CONSTRUCTION.- OF TEST SITUATION

Sampling Technique

‘The input of books into the NASA Technical Library was monitored
for a period of 5 weeks to simulate a valid indexing situation. It
was felt that by using this method, a representative sample would be
received. This procedure allowed the indexer to use the cataloging
done by the book cataloger as a basis for comparison.

However, processing of the books by the cataloger proved to be en-
tirely too slow, so that in some cases accession numbers were arbitrar-
ily assigned to new books. Furthermore, a random selection of books

from the shelves of the Technical Library was used to round out the
subject collection.




The 34 subject categories of STAR (Scientific and Technical Aero-
space Reports, a NASA-published current index to report literature) were
chosen as a convenient tabulating medium, as an intermediate grouping
class to facilitate the indexing process, and as a test of the degree
of compatibility between book and report categories.

The tentative hypothesis was that no real difficulty would be en-
countered in making books fit into report categories. In actual opera-
tion these categories were found to be quite sufficient, and the books
were easily categorized. For a listing of these categories, with scope
notes describing the contents of each, see appendix A.

The books chosen for the test collection were not picked in a hap-
hazard manner. They were evaluated in terms of the following criteria:

(1) The book must be of a scientific or technical nature.

(2) The book must fit readily into one or more of the 34 subject
categories of STAR,

(3) The book must not be a type that will be indexed in NASA system
indexes.

(4) Handbook and textbook materials may be included depending on
the format, subject, and range of material included in them.

(5) Collections of papers will be included if the collection is
sufficiently well defined in one or two subject areas.

(6) Volumes in a continuing series will not be excluded, sas long
as the whole volume is devoted to a well-defined subject—either singu-
larly or as a portion of the series.

The exclusion of textbook materials was not entirely successful,
nor highly desirable. The original selection criteria, set up as the
indexing progressed, called for the exclusion of all text material.
However, more experience with indexing modified this original criteria
so that texts which used the "shotgun technique" of saying little about
many things were excluded. Far too many descriptors were being assigned,
and far too many false drops would occur in the retrieval operation.

Test Population

It was originally proposed to index, if possible, several thousand
books. However, the time spent in indexing, transcribing contents onto
transmittal sheets, keypunching sheets, transferring the cards to mag-
netic tape, manufacturing questions to test the efficiency of the
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indexing procedure, and writing the report of all these activities ne-
cessitated a reduction from thousands to hundreds. An effort was made
to give equal representation to each STAR category with an average of
eight books per category.

Indexing Procedure

The normal indexing procedure was followed in this study. The in-
dexer first familiarized himself with the material; recognized, identi-
fied, and evaluated the key points and salient features of the book;
and then described the book and its contents. The procedure as a whole
is shown in figure L.

After having evaluated a given book for inclusion in the test sam-
ple in the light of the selection criteria, the first step of the in-
dexer was reviewing the contents of the book. This process, essentially
one of familiarization, generally included reading of the introduction,
preface, or book jacket; scanning the table of contents to -see what is
covered in the book; scanning one chapter or so to arrive at some idea
of the author's style, organization, and format; scanning the book in-
dex to get some idea of the terms used in the book; and then briefly
seeing how well the table of contents describes sections of chapters
since most of the terms eventually come from the table of contents.
After completing this process, the key points presented by the author
were identified and evaluated.

Initially the indexing was done on 5- by T7-inch index cards, and
the editing was done later in batches. It was found, however, to be too
time consuming to do editing at a later time, since it necessitated
looking over the book once more to refresh the indexer's memory of terms
assigned. Accordingly, all editing of terms and other steps necessary
for describing the book as it would appear in the automated system were
standardized in the form of a Document Processing Sheet. The use of
this form (essentially a transmittal sheet for the keypunch operators)
enabled the indexer to assign all necessary information from the book
only once, and possessed the added advantage of interfacing quite easily
with the report indexing as it is an adaptation of the form used there.

' A sample Document Processing Sheet is shown in figures 5 and 6.
The Document Processing Sheet consists of two pages, the first being
devoted to description of the book and the second being reserved for
subject terms or descriptors assigned to the books. All of the little
squares on the paper may seem rather ridiculous. In practice, however,
it is very useful because the indexer is allowed to retain some degree
of control over the format of the documents indexed; and keypunching
errors are reduced by making the format of each card extremely clear.
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Figures 7 and 8 show the relation between the Document Processing
Sheets and standard punched cards. The numbered squares on the proc-
essing sheet correspond to the number of positions available on the
punched cards. The data fields and what they were used for have been
marked, the major fields (those used the most) with continuous lines
and the minor fields with broken lines.

A comparison of figure 5 with figure 7 shows that each horizontal
line on the Document Processing Sheet (identified by the card indenti-
fication column) corresponds to one punched card, with the exception
that the Source Supplementary and Contract Number lines are not used in
describing books.

A comparison of figure 6 with figure 8 shows also that each line
of the second page is equivalent to one punched card. In this case,
however, because of the fixed data fields, three descriptor areas are
given on each card with 23 spaces available for spelling each descriptor.
At the end of the data field the spelling must stop even if it is in the
middle of a word. This has not presented a problem because use has
shown that in the majority of cases 23 spaces is enough to recognize
most terms. ,

The first step in filling out a Document Processing Sheet is to
write in the accession number of the book. Since this is the book iden-
tification number for the computer, it is most important that it be
copied correctly. Then, the descriptive cataloging is done by writing
in the document title, the name of the author (personal or corporate),
the Library of Congress classification number in the report number
space, the imprint (publisher, place, and date), and any necessary
notes.

After the bock has been adequately described on page 1 of the
processing sheets, page 2 is completed with the descriptors assigned
to the book. At this time, the terms are edited against the subject
authority 1list; and a rather complex decision-making process is carried
out, as indicated by the successive diamond-shaped decision blocks on
the flow chart in figure 4. '

There are five possible combinations of events that can happen
during the editing process. First, the simplest event is when a term
assigned matches exactly with the authority list term. 1In that event,
the term is entered directly on page 2 of the processing sheet. Sec-
ond, there is the possibility of a generic match, that is, the term
assigned from the book matches except for tense, spelling, and so forth.
Here the desirable term is found in the authority list and is entered
on the document processing sheet. Next come two cases of coordinate
matching. In coordinate match 1, the term from the book may be divided
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into a term from the authority list and a term already listed. Coordi-
nate match 2, however, uses two separate terms from the authority list
to describe one term from the book. Tn either of these last two events,
the term or terms are then entered on the processing sheet. The last
possibility is that the term will not match any of the above conditions.
In that case., a review of the importance of the term is necessary to see
if it should be dropped or retained. If retained, it is transcribed on-
to the processing sheet, keypunched, and stored on magnetic tape.

Indexing Procedure Control

Indexing was done at a chapter level in this study. The decision
was made that the chapter level would be used in order to employ the ex-
isting logical structure and format of the books, as well as the organi-
zation, on a meaningful level. Moreover, the structuring of the index-
ing remains that of the author. Each chapter in each book was reviewed
for the main ideas.

An indexer's log of decisions made during the execution of the
study was kept to assure compatibility with existing indexing procedures.
The log was also kept to insure accuracy in reporting events which in-
fluenced the indexing output.

To control consistency of indexing—never an easy task and often
impossible—~several indexing checklists were used. Two checklists are
included, the first from DDC (Defense Documentation Center, the central
facility for scientific and technical documentation of the Department
of Defense) (fig. 9) and the second from the Engineers Joint Council, a
federation of 21 chemical, electrical, mining, civil, and mechanical
engineering societies (fig. 10).

Reference Time

Any time needed for reference or look-up work was included in the
total indexing time per book. This time was included in the total be-
cause it was required for familiarization with the subject and recogni-
tion of important points. Reference time was found to be a function of
(1) the indexer's acquaintance with the subject matter (reference time
was less in chemistry with which the indexer was familiar); (2) the
level of writing in the book (a more abstruse style and a higher plane
of scientific language demand more time); and (3) the degree of organi-
zation of the book.
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RESULTS OF THE STUDY

Time-Cost Data

Throughout the study, various statistics were recorded in order to
evaluate the indexing procedure. These statistics included (1) output
per indexing period, (2) total and average number of descriptors as-
signed per book per indexing period, and (3) total time required for
each indexing period and average indexing time per book. An indirect
estimate of the cost can be made by examining the estimates of the time
necessary for indexing.

Indexing output is a function of many variables, some of which have
already been mentioned. Figures 11, 12, and 13 show some of the varia-
tion and some of the reasons for this variation. Figure 11 shows the
output in books per indexing period. That the ocutput is highly variable
is readily evident, but the reasons why it is variable are not so evi-
dent. In order to fully understand the variables to which output is
related, figures 12 and 13 and some additional information are necessary.

First, there is the extremely low dip for the 6th indexing day which
must be explained. There are two reasons why this dip exists: (1) loss
of familiarity with the file contents because no indexing was done for
1 week and (2) the nature of the material to be indexed. In this last
instance, the material was extremely difficult—it consisted entirely
of math books, one of which was Einstein's Unified Field Theory. This
in itself is not so bad, but coupled with the high output for the prior
indexing period, one must conclude that the subject background of the
indexer plays an extremely important part in the indexing process. In
this case the subject background of the indexer was chemistry, and the
high output for the 9th day contained large amounts of books about chem-
istry. - Particular attention must be pald an indexer's background and
experience if he is to operate at maximum efficiency. Also, this study
shows that once an indexer has been selected he should continue to index
for prolonged periods of time since significant amounts of downtime
occur with time absent from indexing.

The graph in figure 11 is divided into two highly significant parts
with the division occurring on the 6th indexing day. Up to that time
the system was under development, and the decisions regarding the index-
ing changes were being made as they occurred. A noticeable improvement
can be seen in the system once these decisions had been finalized
(starting with the 6th indexing day). The improvement is evident not
only in the output, but also in the number of descriptors assigned and
in the indexing time necessary. The number of descriptors assigned and
the necessary indexing time determine the optimum operation of the in-
dexing phase of any retrieval operation.
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Figure 12 shows the average number of descriptors assigned per in-
dexing period. The graph in figure 12 is inversely related to the graph
in figure 11l. As the output increases, the number of descriptors as-
signed decreases; and as the number of descriptors assigned increases,
the output decreases.

Similarly, there is a relation between the graph in figure 12 and
the graph in figure 13. A comparison of these two graphs shows them to
be quite similar. The conclusion is that the number of descriptors as-
signed is a function of the time spent in the indexing effort. As the
indexing time increases, so does the number of descriptors assigned.
Using this fact alone, the parameters governing the design of a given
system come into play. If, for example, 60 descriptors per book are
desired, an indexer must be prepared to pay in terms of increased index-
ing time and of decreased output.

Figures 11 and 13 are also related in that they display the inverse
relationship as indicated between figures 11 and 12, but this is to be
expected. A greater distance between corresponding points on the two
curves is indicative of an inefficient system operation. As the two
lines converge, a more efficient system operation is indicated. These
graphs show that in the 1lst week or so (again the dividing line is the
6th indexing day) the system was not operating at all efficiently—the
output was high, but the indexing time and the number of descriptors
assigned were low. This was the "debugging" or developmental period
of the system,

As the indexing progressed and certain changes were made, the sys-
tem began to operate much more efficiently, as the graphs indicate. 1In
any up-~scaling of the indexing to a full-scale process, the same thing
can be expected to happen in the initial period of operation and devel-
opment of the system. This study does not provide enough data to give
any predictions as to the length of time necessary for developing the
system, In actual operation, however, it can be identified through
efficiency of the retrieval operations, and shakedown time should not

be as long if the indexing parameters are predetermined before the sys-
tem goes into operation.

.Final figures from the project give the following results:

(1) Average number of books indexed per day . . . . . . . 5.71
(2) Average number descriptors per book . . . . . . . . . 25.86
(3) Average indexing time per book (minutes) . . . . . . 39.0L

To give some meaning to these figures, & comparison with tradi-
tional book cataloging can be undertaken. Traditional book cataloging
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and indexing are different even though they have the same ultimate
goal—retrieval of items of information. In general, they deal with
different size units of knowledge and to some extent with different
types of information. A book catalog generally leads a user to more
broad treatments of a subject, while an index leads him to more special-
ized items. Hierarchical relationships are displayed on catalog cards,
while in indexes these relationships are not shown directly, though they
may be created by logical manipulation of the index terms.

Furthermore, the process of cataloging a book differs significantly
from indexing. A book cataloger seeks to create terms or subject head-
ings that individuelly characterize the whole book or a large portion
of it. The mental makeup of the cataloger is essentially synthetic,
and the process is one of synthesis,

The indexer, on the other hand, seeks to select terms that reflect
the aspects of the subject treated in terms of interest or significance
to a particular mission. His mental mekeup is essentially analytic,
and the process is one of analysis. The fundamental difference that
exists between the thinking of the cataloger and of the indexer suggests
that for maximum productivity and highest quality of product different
specialists may be needed.

Having differentiated between catalogers and indexers, some com-
parison should be given to their respective outputs. An average cata-
loger, doing original cataloging, should be able to catalog 9 to 12 books
per day. If catalcg cards supplied by the Library of Congress Card Di-
vision are used and some original cataloging is done, the output should
be in the neighborhood of 24 books per day.

In this study the indexing output ranged from 3 to 12 books per
day, with an average of 5.7l books per day. Considering the differences
in the twc processes,; the results are comparable. Comparisons may also
be made concerning the effectiveness of the resultant products of these
two different efforts.

In book cataloging for the NASA MSC Technical Library, a typical
book averages between four and five access points, that is, an author
card, a title card, and two or three subject cards. The same typical
book, subjected to coordinate indexing, has approximately 29 access
points—author, STAR subject category, LC (Library of Congress) clas-
sification, and an average of 25.86 descriptors per book in place of
the normal subject cards of a manual catalog.

On the basis of the information available, an idea of the costs
involved may be seen. In order for the output of a book-indexing oper-
ation (8 books per day optimum) to equal that of a book cataloging
operation (24 books per day) e 200-percent increase in personnel would
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be necessary. To offset this increase in costs, the larger number of
access points per book would increase the usefulness by approximately
600 percent. The cost is increased, but the comparatively greater
increase in anticipated usefulness because of the greater number of
access points should also be a factor in any cost decision.

Cataloging and indexing, however, are only parts of information
storage and retrieval systems. The final evaluation of any such sys-
tems must also include measures of comparative retrieval effectiveness,
as well as measures of feasibility of particular approaches, and com-
patibility with the entire operation. These will be considered in the
following sections.

Feasibility of Coordinate Indexing

To evaluate the first two objectives of this study, the retrieval
effectiveness of the system had to be evaluated. This was done in the
following manner. PFirst, questions were manufactured from books within
the test collection. These questions, listed on a transmittal sheet,
were then keypunched and fed into a UNIVAC 1108 computer along with a
logical equation for determining the search strategy. The computer
performed test searches to see if known source references could be re-
trieved. A listing of the questions asked, the logical equations used,
and the answers retrieved can be found in appendix B. The first five
pages of appendix B bear the heading Problem Validation. This is simply
a subroutine of the program in which problems are either accepted or
rejected for searching on the basis of valid logic equations and de-
scriptor assignment,

To standardize the input of the questions, the transmittal sheet
shown in figure 14 was used. This is the same sheet used in the MSC
SDI program. The limit codes in columns 7 and 8 are similar to the
card identification code used on the input into the computer tape, that
is, it is for machine use in the retrieval program.

From this transmittal sheet, a set of punched cards were generated
(fig. 15) which were then fed into the computer. In this study the
cards included a problem identification card (¥1, at the top left of
fig. 15), a question card (*2, which stated the search question), a
series of search terms (identified by limit code 40 and alphabetic or-
der), and a logical equation whose terms corresponded to the letter of
the alphabet of the search terms. The problem identification number
was keypunched in the first two positions and was used for machine
sorting and collation according to the dictates of the program.

The logical equation referred to in the above paragraphs is a
search strategy based on Boolean algebriac operations. This essential
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feature of a coordinate index (manipulability) permits varying degrees
of structure in the course of searches. Logical equations may be cate-
gorized as follows:

(1) Loose—high output and irrelevant material expected
(2) Moderately loose-——some irrelevant material expected

(3) Moderately tight-—some irrelevant material expected, but less
than in category (2)

(4) Tight—no irrelevant material expected

A survey of the logical equations used (appendix B) reveals that
each of the above categories of searches were tried., Results varied,
but largely all levels were successful with categories (1) and (4) being
somewhat more difficult owing to the size of the test collection.

In actual operation the request must be gaged carefully to decide
which type of equation should be used. Experience with the effect of
both search limits and restrictions is necessary. While using the sys-
tem, the operator should vary the parameters of the search questions in
order to gain familiarity with the system and with what it can and can-
not accomplish.

Results of Feasibility Study

Varying results were obtained with this system. Initially the sys-
tem was plagued with problems in the computer program. On the first
run, the printout contained garbled information after the first several
listings. Whenever the number of descriptors was 30, the remainder of
the program was either useless or the first set of descriptors was du-
plicated. This difficulty was remedied, only to have another problem
arise in the use of error flags. This problem was such that if any
search problem was rejected, no problem after it was accepted. For this
reason the first several runs on the computer produced no more than
three answers, each problgm after that being rejected.

Once these difficulties were remedied, the system operated at
72.2 percent efficiency. In view of the fact that the present SDI sys-
tem is only achieving approximately 60-percent retrieval efficiency,
this idea seems rather feasible. ’

However, there are several problem areas upon which it is necessary
to focus attention before any conclusion is reached. First, there is the
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area of computer program inadequacies. The inadequacies fall into the
following categories:

(1) Inability to search under author surnames except as given in
author authority list and used as subject descriptors

(2) Inability to search by classes of LC numbers (The system does
not operate within a restricted range of LC numbers, but operates on
exact matches of subject matches.)

(3) Thirty descriptors available for each book (The alternate
approach  of using a B designation on the accession number for any ad-
ditional descriptors was tried and found unsatisfactory because no co-
ordination is permitted between accession numbers.)

(4) Inability to perform title searches (No provision is now avail-
able.)

(5) Inability to search by STAR subject category (A full investi-
gation of the needs of the system needs to be made regarding this type
of search.)

These inadequacies need further investigation to assure that a large
degree of compatibility will result. Even if the proposed system is
not put into effect, these areas need investigation so that report 1it-
erature retrieval may be improved.

Another area needing attention is the human factor in the system.
Failures occurred in the retrieval several times because of human error,
the most significant being the keypunching operation. This step must
be performed accurately—digits transposed or incorrectly punched are a
hazard to the entire operation.

But, not all the errors originate with the keypunch operator. He
can only punch into the cards the information given him. If that infor-
mation is incorrect, the fault is not his. In that case the fault usu-
ally lies with either the indexer or the cataloger. It is relatively
easy to transpose numbers when copying onto a transmittal sheet, and this
problem must be watched closely. But even more serious is when two books
have the same accession numbers, which upsets the computer program.

Equally important in dealing with the computer at any stage is the
realization that all margins must be justified both right and left.
Margin justification was not used in this study; therefore, the num-
ber 791, for example, sorted out after the number 18210. In future
indexing operations this problem must be watched carefully.
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Finally, it must be kept in mind that what is retrieved in this
study are references to a particular book. Now, somewhere in the par-
ticular book might be the desired answer. Finding the answer is still
another matter because no page reference is retrieved. The index of the
book must still be used to find the exact page or pages desired, and,
then, there exists the possibility that it might answer the question in
the wrong terms.

Indexing Compatibility

Evaluation of the compatibility of two information or indexing sys-
tems can be done on the basis of how well one accepts the vocabulary of
the other, assuming both have some common areas of interest. As a re-
sult of the work done in this study, the computer was able to compile a
list of the subject terms used, along with the accession number and ti-
tle of the book. Part of this list is given in appendix C. The terms
marked with a dash are not used in the NASA subject authority list, but
are introduced into the vocabulary of this system. Throughout this study
a total of 1596 separate, distinct subject terms or descriptors were
used. Of these, some 362 or 23.4 percent did not appear in the thesau-
rus. However, of these 362, some 127 were found to be acceptable when-
ever tense, ending, or other slight modifications (such as splitting
compound terms) was accomplished. As a result, there were only 235
terms which are not in the NASA thesaurus, or 14.7 percent of the terms
assigned.

Examination of the remaining terms showed them to be either very
specific terms within a given subject field or very general terms. It
was found, for example, that many terms were personal in origin, being
a law, principle, or effect named after its discoverer. This was espe-
cially true in the areas of physics, chemistry, and mathematics.

As a meausre of compatibility, then, the indexing of the system
used in this study was found to be compatible with the NASA MSC report
literature indexing since those terms not found in the NASA subject au-
thority list but used in.this study could be written off as normal vo-
cabulary growth.

Byproducts

To increase the usefulness of the system and to meet the needs of
the user who wishes information on specific topics while in the library,
several byproducts from this system are possible. First, the computer
could readily print catalog cards. However, since this idea would gen-
erate voluminous amount of cards and necessitate additional personnel
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for filing, a more practical scheme would be to have printouts of the
subject terms used in the system, followed by a listing of the books in
which the term would appear (appendix C). This list would allow the
user or reference librarian to locate small topics not presently avail-
able on catalog cards. Cumulative listings could, however, become pro-
hibitive because of physical size limitations. For this reason they
could be readily reduced to microfilm and conveniently coded for user
viewing.

Tt should be stressed that the purpose of this study was not to
investigate the usefulness of any byproducts. Usefulness of the items
mentioned above must be independently determined, with user attitudes
given careful consideration. ’
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01

02

03

ok

Aerodynamics

Aircraft

Auxiliary Systems

Biosciences

Includes aerodynamics of bodies,
combinations, internal flow in
ducts and turbomachinery; wings,
rotors, and control surfaces. For
applicaetions see: 02 Aircraft and
31 Space Vehicles. For related in-
formation see also: 12 Fluid Me-
chanics; and 33 Thermodynamics and
Combustion.

Includes fixed-wing airplanes, hel-
icopters, gliders, balloons, orni-
thopters, etc; and specific types
of complete aircraft (e.g., ground
effect machines, STOL, and VTOL);
flight tests; operating problems
(e.g., sonic boom); safety and
safety devices; economics; and sta-
bility and control. For basic
research see: 01 Aerodynamics.

For related information see also:
31 Space Vehicles; and 32 Struc-~
tural Mechanics.,

Includes fuel cells, energy con-

"version cells, and solar cells;

auxiliary gas turbines; hydraulic,
pneumatic, and electrical systems;
actuators; and inverters. For
related informetion see also:

09 Electronic Equipment; 22 Nu-
clear Engineering; and 28 Propul-
sion Systems.

Includes aerospace medicine, exo-
biology, radiation effects on
biological systems; physiological
and psychological factors. For
related information see also:

05 Biotechnology.




22

05

06

o7

08

09

10

Biotechnology

Chemistry

Communications

Computers

Electronic Equipment

Electronics

Includes life support systems, human
engineering; protective clothing and
equipment; crew training and evalua-
tion, and piloting. For related in-
formation see also: Ob Biosciences.

Includes chemical analysis and iden-
tification (e.g., spectroscopy).

For applications see: 17 Materials,
Metallic; 18 Materials, Nonmetallic;
and 27 Propellants.

Includes communications equipment

and techniques; noise; radio and
communications equipment and tech-
niques; noise; radio and communica-
tions blackout; modulation telemetry;
tracking radar and optical observa-
tion; and wave propagation. For
basic research see: 23 Physics,
General; and 21 Navigation.

Includes computer operation and
programming; and data processing.
For basic research see: 19 Mathe-
matics, '

Includes electronic test equipment
and maintainability; component
parts, e.g., electron tubes, tunnel
diodes, transistors; integrated
¢ircuitry; microminiaturization.
For basic research see: 10 Elec-
tronics. For related information
see also: O7 Communications and
21 Navigation.

Includes circuit theory; and feed-
back and control theory. For ap-
plications see: 09 Electronic
Equipment. For related information
see: Specific Physics Categories.
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11

12

13

1k

15

16

Facilities, Research
and Support

Fluid Mechanics

Geophysics

Instrumentation and

Photography

Machine Elements

and Processes

Masers

Includes airports; lunar and plane-
tary bases including associated
vehicles; ground support systems;
related logistics; simulators; test
facilities (e.g., rocket engine
test stands, shock tubes, and wind
tunnels); test ranges; and tracking
stations.

Includes boundary-layer flow; com-
pressible flow; gas dynamics;
hydrodynamics; and turbulence. For
related information see also:

01 Aerodynamics; and 33 Thermo-
dynamics and Combustion.

Includes aeronomy; upper and lower
atmosphere studies; oceanography;
cartography; and geodesy. For
related information see also:

20 Meteorology; 29 Space Radiation;
and 30 Space Sciences.

Includes design, installation, and
testing of instrumentation systems;
gyroscopes; measuring instruments
and gages; recorders; transducers;
aerial photography; and telescopes
and camersas.

Includes bearings, seals, pumps,
and other mechanical equipment;

T11hwi AatdAn Pt atd An and woawr-.
LUVLLUQUIUIly 28 10Vallly Gl wWTal,

manufacturing processes and quality
control, reliability; drafting; and
materials fabrication, handling,
and inspection. '

Includes applications of masers
and lasers. For basic research see:
26 Physics, Solid-State.
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17

18

19

20

21

22

Materials, Metallic

Materials,
Nonmetellic

Mathematics

Meteorology

Navigation

Nuclear Engineering

Includes cermets; corrosion; phys-
ical and mechanical properties of
materials; metallurgy; and applica-
tions as structural materials. For
basic research see: 06 Chemistry.
For related information see also:
18 Materials, Nonmetallic; and

32 Structural Mechanics.

Includes corrosion; physical and
mechanical properties of materials
(e.g., plastics); and elastomers,
hydraulic fluids, etc. For basic
research see: 06 Chemistry. For
related information see also:

17 Materials, Metallic; 27 Propel-
lants; and 32 Structural Mechanics.

Includes calculation methods and
theory; and numerical analysis.
For applications see: '08.Computers.

Includes climatology; weather fore-
casting; and visibility studies.
For related information see also:
13 Geophysics; and 30 Space
Sciences. :

Includes guidance; autopilots; star
and planet tracking; inertial plat-
forms; and air traffic control.

For related information see also:
07 Communications.

Includes nuclear reactors and nu-
clear heat sources used for propul-
sion and auxiliary power. For
basic research see: 24 Physics,
Atomic, Molecular, and Nuclear.

For related information see also:
03 Auxiliary Systems; and 28 Pro-
pulsion Systems.
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23
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25

26

27

28

Physics, General

Physics, Atomic,
Molecular, and
Nuclear

Physics, Plasma

Physics, Solid-State

Propellants

Propulsion Systems

Includes acoustics, cryogenics,
mechanics, and optics. For astro-
physics see: 30 Space Sciences.
For geophysics and related infor-
mation see also: 13 Geophysics,
20 Meteorology, and 29 Space
Radiation.

Includes atomic, molecular and nu-
clear physics. For applications
see: -22 Nuclear Engineering. For
related information see also:

29 Space Radiation.

Includes magnetohydrodynamics.
For applications see: 28 Propul-
sion Systems.

Includes semiconductor theory; and
superconductivity. For applica-
tions see: 16 Masers. For related
information see also: 10 Elec-
tronics.

Includes fuels; igniters; and
oxidizers. For basic research see:
06 Chemistry; and 33 Thermodynamics
and Combustion. For related infor-
mation see also: 28 Propulsion
Systems.

Includes air breathing, electric,
liquid, solid, and magnetohydro-
dynamic propulsion. For nuclear
propulsion see: 22 Nuclear Engi-
neering. For basic research see:
23 Physics, General; and 33 Ther-
modynamics and Combustion. For
applications see: 31 Space
Vehicles. For related information
see also: 2T Propellants.
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29

30

31

32

33

34

Space Radiation

Space Sciences

Space Vehicles

Structural Mechanics

Thermodynamics and
Combustion

Genersal

Includes cosmic radiation; solar
flares; solar radiation; and
Van Allen radiation belts. For
related information see also:

13 Geophysics; and 24 Physics,
Atomic, Molecular, and Nuclear.

Includes astronomy and astrophysics;
cosmology; lunar and planetary
flight and exploration; and theoret-
ical analysis or orbit and trajec-
tory. For related information see
also: 11 Facilities, Research and
Support; and 31 Space Vehicles.

Includes launch vehicles; manned .
space capsules; clustered and multi-
stage rockets; satellites; sounding
rockets and probes; and operating
problems. For basic research see:

30 Space Sciences. For related in-
formation see also: 28 Propulsion
Systems; and 32 Structural Mechanics.

Includes structural element design
and weight analysis; fatigue;
thermal stress; impact phenomena;
vibration; flutter; inflatable
structures; and structural tests.
For related information see also:

17 Materials, Metallic; and 18 Mate-
rials, Nommetallic.

Includes ablation, cooling, heating,
heat transfer, thermal balance, and
other thermal effects; and combus-
tion theory. For related informa-
tion see also: 12 Fluid Mechanics;
and 27 Propellants.

Includes reports of a broad nature
related to industrial applications
and technology, and to basic re-
search; defense aspects; law and
related legal matters; and legisla-
tive hearings and documents.
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Figure 4.- Flow chart of the indexing procedure.
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(1)

(4)

(5)

Subject. (What was studied, investigated, tested, com-
piled, researched?)

How was the subject treated (analysis, tests, design,
production, computations, theory, specifications, opera-
tions, processes)?

What are the physical factors (mechanical properties,
physical properties, chemical effects, biological
factors)? _

What equipment or method was used to support the research
or investigation (spectrum analyzers, oscilloscopes,
Charpy v-notch test equipment)?

Where or under what environment was the research accom-
plished (upper atmosphere, arctic, subsurface, location
if geographic or foreign)?

Additional qualifying information (open-ended terms).
(Project names, military symbols, trade names, Mark/Mod
numbers, AN/numbers, et cetera.)

Figure 9.- Defense Documentation Center indexing checklist.
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Role

Role

Role

Role

Role

Role

Role

Role

Role

Role

(1)

(8)
(9)

(10)

What was the input, raw material, reactant, base
metal, uncombined component, input assembly, data
input, material being acted upon, in which there
was a characteristic or property change?

What was produced, built, resultant, manufactured,
mixed, formed, refined, made, assembled, created?

What was undesirable, waste, scrap, rejects, impu-
rity, pollutant, adulterant, poison?

What is the application—usage as, in, on, for,
with?

What was the environment, medium, atmosphere,
solvent, carrier, support, vehicle, et cetera?

What was the cause, independent variable, influen-
cing factor, controlled variable?

What was the effect, dependent variable, influenced
factor?

What is considered, discussed, reported, described?

What was passive, not changed in the process, pos-
sessed of, located in, on?

What was the method, means, device, employed,
utilized?

Figure 10.~ Engineers Joint Council indexing checklist.
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